In this study, two bacterial strains isolated from contaminated sediments were selected due to their capacity of growth in the presence of phenanthrene as sole carbon and energy source. The isolates were identified by biochemical tests and PCR of the 16S rRNA gene. Biological capacity of isolated strains to phenanthrene decomposition was measured by high pressure liquid chromatography (HPLC). The strains belonged to Pseudomonas aeruginosa strain 1242 and Bacillus subtilis strain BL1. Our results showed that these strains were resistant to phenanthrene but Pseudomonas aeruginos (1242) had the highest growth in BH media amended with phenanthrene. The average degradation rates of phenanthrene by Pseudomonas aeruginosa (1242) and Bacillus subtilis (BL10) were 99.655 and 97.489%, respectively. According to ability of Pseudomonas aeruginosa (1242) and Bacillus subtilis (BL10) in the degradation of phenanthrene, it is recommended to use these species for remediation of oil compounds in contaminated sites especially in the Persian gulf.
INTRODUCTION
In marine environments many activities such as extraction, excavation, drilling and transport of petroleum are frequent. Consequently, the potential for oil spills is significant; in addition, oil accidents import high amount petroleum hydrocarbons in marine environments (Breuer et al., 2004) . Water contamination with hydrocarbons causes extensive damage of local ecosystems since accumulation of pollutants in aquatic organisms tissues, may cause offspring's death or mutation (Margesin, 2000; Urum et al., 2003) .
Different methods have been employed to clean up marine oil pollutions including physical, chemical and biological approaches; however, these approaches are very important to reduce pollution level but most of the *Corresponding author. E-mail: fatemehmojodi@yahoo.com. Tel: 00989175313728. physicochemical methods use chemical agents, as well as their emulsion with oil causes toxicity to aquatic organisms. They produce another source of pollution and also increase the oil recovery cost. Because of the great number of petroleum contaminated sites requiring clean up and the high cost involved with physicochemical methods, a need exists to develop new remedial technologies, such as bioremediation that uses microorganisms, to detoxify environmental pollutants and transform them to simpler, less toxic compounds (Korda et al., 1997; Kapley et al., 1999; Del Arco and De Franca, 2001; Head, 1998) . Degrader microorganisms are inclusive bacteria, fungi, yeast and microalgae. These microorganisms can be native of contaminated sites or were separated from the other sites (Head and Swannell, 1999) . But many of Researchers believe that native microorganisms have high efficiency in biodegradation of oil pollution because they are more compatible with environmental conditions and nationally degrade pollution but the rate of its activities are related to microbial array; kind of pollution, geology and chemical condition of polluted sites. In some ecosystems in which exists enough population of indigenous bacteria for oil biodegradation, desirable environmental condition was provided with adding limiting nutrient and electron acceptor like nitrogen, phosphorus, oxygen or carbon. Adding of nutrients causes the stimulation of native microbes' growth and increase their density and population in contaminated sites (Korda et al., 1997; Seklemova, 2001) .
Hence, enrichment of degrading microbial population and their inoculation into contaminated area can be a beneficial method to removal of oil pollution. In present study, some resistant indigenous species were isolated from oil contaminated sediment in Persian Gulf and some of their morphological characteristics, their ability of growing in presence of phenanthrene and the ability of bacterial degradation were studied.
MATERIALS AND METHODS

Sediment sample collections
In order to isolate poly aromatic hydrocarbons degrading bacteria, sediments were collected from 3 petroleum hydrocarbons contaminated areas (imam port petrochemical plants) in khor Mousa. Sediment samples were transferred in ice packs to the laboratory for analysis processing. In microbiological laboratory, bacteria species were isolated by enrichment technique.
Isolation and screening of phenanthrene degrading bacteria
Microorganism isolation was carried out using Bushnell-Haas medium, which was already supplemented by phenanthrene as a unique carbon source. The selected medium included, MgSO4 0.2 g/l, CaCl2 0.02 g/l, KH2PO4 1 g/l, (NH4)3PO4 1 g/l, KNO3 1 g/l and FeCl3 0.05 g/l, pH 7.2. 50 ppm of phenanthrene was used in the enrichment technique as a sole source of carbon and energy. Bacteria was isolated on 5 g of sediment samples that were dissolved in 10 ml sterile distilled water and centrifuged in 2000 rpm for 10 min, and the supernatants were collected and were inoculated into 100 ml BH media containing 50 ppm phenanthrene. The medium containing the bacteria and phenanthrene was incubated at 28°C under shaking (170 rpm) for 7 days. Then 1 ml of enriched media was added into the fresh BH media and incubation was done in the same way (Coral and Karagoz, 2005; Malatova, 2005) . All bacteria isolates were identified with molecular method using PCR of the 16S rRNA gene and sequencing of partial of 16S rRNA. Results were confirmed by biochemical tests using the taxonomic scheme of Bergey's Manual of determinative Bacteriology (Garrity et al., 2002) .
Bacterial growth in the presence of phenanthrene
Phenanthrene degrading bacteria was grown in 125 ml Erlenmeyer flasks containing 50 ml of sterile plate count agar. PC medium was tryptone 5.0 g/l, yeast extract 2.5 g/l and glucose 1.0 g/l and the pH was adjusted at 7.2. Bacteria isolates were inoculated into PC media. Incubation was performed at 28°C and aeration was maintained by shaking at 170 rpm for 48 h. 3 ml of bacteria suspension were added into 2 ml BH broth containing 0.48 ml phenanthrene. The samples were incubated at 28°C for 12 days; control flasks without bacteria were incubated in the same conditions to quantify losses due to abiotic processes. The growth rate was measured by optical density. The culture turbidity was measured using a spectrophotometer upon calibration of the optical density (OD) in a 1 cm cell at 600 nm wave length (Malatova, 2005) .
Determination of phenanthrene degraded by isolated bacteria
Degradation quantitative analysis of existent phenanthrene in the medium was accomplished with high performance liquid chromatography (HPLC) in the specific times. HPLC analysis of naphthalene was performed with a Knauer liquid chromatograph (Knauer Instruments, Germany) fitted with C18 column (Coral and Karagöz, 2005 (. Experiments were performed in triplicate.
3 similar cultures with no inoculation were incubated at the same condition in order to evaluate abiotic degradation in sterile mediums such as volatilization, physicochemical or photo oxidation process. "500 µl" of bacterial suspension which were inoculated into 100 ml BH media. Flasks were incubated at 30°C in shaker at 150 rpm for 6 days. In every 24 h, 2 ml of hexane was added to 2 ml of media in experiment tubes and shacked several times. After evaporating of whole hexane, remaining pellet was dissolved in 2 ml of acetonitrile. Wave length used to integrate peaks was 254 nm (Coral and Karagoz, 2005; Shirdam, 2006) . Water and acetonitril (30:70) were used scale down as HPLC solvent in mobile phase (Kang et al., 2007) . Phenanthrene degradation was balanced at the end of experiments. Factorial ANOVA in SPSS software were used to identify there is how significant probability between media containing the selected bacteria and abiotic controls.
RESULTS
Two bacterial colonies grown on BH media containing phenanthrene was isolated as phenanthrene degrading bacteria. The results of identification of isolated bacteria using biochemical tests and partial sequence of 16S rRNA gene are shown in Table 1 .
Two universal oligonucleotides were used to determine and identify the 16S rRNA gene for two isolates. The results were confirmed with biochemical tests and showed that Z4 and Z5 bacteria belong to Bacillus subtilis strain BL10 and Pseudomonas aeruginosa strain 1242 ( Table 2 ).
The growth of P. aeroginosa strain1242 in the presence of phenanthrene showed that the initial growth phase of bacteria occurred within 24 h of incubation (Figure 1 ). At interval of 24 until 72 h after inoculation, growth of P. aeroginosa strain 1242 was accomplished with lower slope, but after 72 h of incubation, the bacteria could get to maximum growth. Finally, the growth of a bacterium was fell to death phase. Comparison of controls and phenanthrene samples showed that P. aeroginosa strain 1242 growth was as well as a control sample.
Growth of B. subtilis strain BL10 was started at 60 h after inoculation (Figure 2) . Maximum optical density of B. subtilis strain BL10 was observed on the 4th day. The 
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Pseudomonas aeruginosa strain 1242 growth of bacterium declined after 4 days. When optical density of phenantherene containing sample was compared with the control sample without hydrocarbon, it showed that B. subtilis strain BL10 was consumed phenantherene as a carbon source. Table 3 shows the ability of isolated bacteria to degrade phenanthrene at different concentrations. Maximum decrease of phenanthrene was observed within 72 h of incubation (Figure 3) . At interval of 72 until 120 h after inoculation, amount of phenanthrene was decreased during the steady phase. About 97.489% of whole concentration of phenantherene was degraded by B. subtilis strain BL10 during 120 h of incubation. Amount of phenanthrene in medium without bacteria in comparison of samples inoculated with bacteria was very low, about 10.7%. Figure 4 shows that the maximum decrease of phenanthrene was observed within 48 h of incubation. After that, amount of phenanthrene decreased slowly. P. aeruginosa strain 1242 could degrade 99.665% of initial concentration of phenanthrene during 120 h, whereas amount of degraded phenanthrene in control medium was only 10.7%.
DISCUSSION
In this study 2 bacterial species, P. aeruginosa strain 1242 and B. subtilis strain BL10 were isolated to evaluate the ability of these bacteria for degradation experiment and their growth in the presence of phenanthrene as sole source of carbon and energy. The ability of these bacteria to degrade oil hydrocarbons has been reported by several scholars. Akhavan Sepahi et al. (2008) , isolated fifteen crude oil degrading Bacillus sp. The results demonstrated that Bacillus sp. can utilize crude oil as a carbon and energy source.
In another research, Toledo et al. (2006) isolated fifteen bacterial strains from solid waste oil samples. They were selected due to their capacity of growing in the presence of hydrocarbons. The majority of the strains were belonging to genera Bacillus, Bacillus pumilus (eight strains) and B. subtilis (two strains).
In studies of Mandri and Lin (2007) , some species were isolated with capacity of utilization of oil engine as sole carbon source. Isolated bacteria were identified by biochemical tests and analysis of PCR of the 16S rRNA gene as Flavobacterium and P. aeruginosa. Hunter et al. (2005) isolated and identified B. subtilis from PAH contaminated soil. Its biodegradation capabilities and its growth were assessed in the presence of pyrene.
Bioremediation experiments by coral and Karagoz (2005) evidenced the ability of Pseudomonas sp. to degrade phenanthrene. These different researches demonstrated the presence of the said species in contaminated sites and their potency to purification of these areas.
Results of present experiments specified that initial growth with B. subtilis strain BL10 was with 48 h retardation in comparison with P. aeruginosa strain 1242.
Variation degree of microbial population ability is high for compatibility with chemical compounds that have confronted any time or subjected to low concentration of them. Adaptation depends on many factors, such as the induction or derepression of enzymes specific for the degradation pathways of a particular compound or an adaptation of existing catabolic enzymes to the degradation of novel compounds. P. aeruginosa faster and higher growth could be a result of its compability and degrading ability.
The ability of isolated bacteria was determined by measuring the amount of degraded phenanthrene. As shown in Figures 3 and 4 , P. aeruginosa strain 1242 has more ability to degrade phenanthrene in comparison with B. subtilis strain BL10. This species was able to degrade 99.655% of phenanthrene but B. subtilis strain BL10 could degrade 97.489% phenanthrene within 6 days. The effectiveness of two bacterial isolates (B. subtilis and P. aeruginosa) in the restoration of oil-field drill-cuttings contaminated with PAHs was studied. Results showed that Pseudomonas degraded the 3 and 4-ring PAHs relatively better than the Bacillus (Okparanma et al., 2009) . Thavasi et al. (2007) reported that P. aeruginosa was able to degrade 85.15% of crude oil. Results showed that this species had the highest ability in removing oil compounds in comparison to Lactobacillus delbrueckii, Corynebacterium kutscheri and Bacillus megaterium. Plasmid study revealed that P. aeruginosa harbored two plasmids. The other strains were found to have single plasmid. Das and Mukherjee, (2007) separated two species of P. aeroginosa M and NM strains and B. subtilis DM-04 from oil contaminated soils from North East India. Their ability was compared for bioremediation of crude oil hydrocarbons in soils and experimental flasks. Inoculation a TPH polluted microcosm with these species shows sopping downfall in the contaminations concentration, but P. aeroginosa had the better function in presence of contamination.
A study by Romero et al. (1998) indicated that P. aeruginosa was a dominant microorganism for degrading phenanthrene. Existence of different degrading enzymes including dehydrogenize and dehydrataz, apoxidaze in Bacillus genus provide necessary ability for degradation of three-ring hydrocarbons like phenanthrene. Differences between experiment results such as growth phase, lag phase, OD value and amount of hydrocarbon degradation in this study with other researches were in correlation with kinds of hydrocarbon, used species, adaptation time, incubation condition and analysis time.
Conclusion
In general, these experiments proved the ability of P. aeruginosa strain 1242 and B. subtilis strain BL10 in degradation of phenanthrene as an agent of PAHs. So, we can suggest them as appropriate organisms used in critical water pollution by this pollutant especially in marine environments.
Although, many strains have been previously isolated for phenanthrene biodegradation, the current research work is somewhat useful on learning the potential bioremoval of phenanthrene in Persian Gulf sediments. However, a lot of works need to be done to improve the manuscript.
